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SPECIFICATION 

[TITLE OF THE INVENTION] Method of Impregnating Drug Into 

Porous Calciixm Phosphate-based Sintered Block 

[ABSTRACT] 

[Theme] To provide a method of impregnating a porous calci\im 
phosphate-based sintered block whereby a drug can be 
efficiently impregnated into the block, and mass production 
for drug-containing blocks which are suitable for long-term 
controlled release of the drug is possible. 
[Solution Means] An impregnation method for impregnating a drug 
into a porous calcium phosphate-based sintered block having 
continuous pores, wherein the block is immersed in a drug 
solution, and the solution is impregnated for 5 to 20 minutes 
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at a pressure reduction by a degree of 63 to 254ininHg. 
[WHAT IS CLAIMED IS;] 

[Claim 1] A method impregnating drugs into a porous calcium 
phosphate-based sintered block for impregnating a drug into 
a porous calcium phosphate-based sintered block having 
continuous pores, wherein the block is immersed in a drug 
solution, and the drug is impregnated for 5 to 20 minutes at 
a pressure reduction by a degree of 63 to 254mmHg. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Field of the Invention] The present invention relates to a 
method of impregnating a drug such as an anticancer drug or 
antibacterial agent into a porous calcium phosphate-based 
sintered block having continuous pores. 

[0002] 

[Prior Arts] Untilnow, although various kinds of antibacterial 
agents have been developed and used, chronic osteomyelitis is 
still an intractable disease. In many cases, complete cure of 
chronic osteomyelitis is difficult by conservative treatment 
only, so that surgical treatment accompanied by nidus curettage 
becomes necessary. Therefore, priorly, various treatment 
methods such as continuous deterging, transplantation of bone 
with blood vessels, and an antibacterial agent-containing 
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cement bead method has been developed, however, these methods 
have merits and demerits, so that the treatment of chronic 
osteomyelitis is still difficult. In addition, for treatment 
of bone and soft portion malignant tumors, internal body 
intravenous injection treatment and continuous intraarterial 
injection treatment of anticancer agents and radiotherapy have 
been performed. However, these treatment methods have harmful 
influences on normal cells, and continuous intraarterial 
injection treatment requires a long time period, so that 
patients are exposed to great stress. 

[0003] The present inventor reported that an antibiotic agent 
was impregnated by a centrifugal method into a porous 
hydroxyapatite block which had been used as a filler for a 
portion of bone broken for treatment of osteomyelitis, which 
resulted in successful initial stage treatment of 
osteomyelitis in basic experiments and clinical use [J. Appl . 
Biomater. , 6(3) : 167-169 (1995) , J. Orthop. Surg. , 2 (2) : 47-50 
(1994, and Cancer Letters, 107: 11-18 (1996)]. However, this 
centrifugal method is problematic in terms of industrial mass 
production. 
[0004] 

[Themes to be Solved by the Invention] The object of the 
invention is to provide a method whereby the problems in the 
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prior-art are solved, a drug can be efficiently impregnated 
into a porous calcium phosphate-based sintered block, and mass 
production of drug-containing blocks suitable for long-term 
controlled release of the drug is possible. 
[0005] 

[Means for Solving Themes] In the invention, a porous block 
is immersed in a drug solution, and at a predetermined degree 
of pressure reduction, the drug is impregnated for a 
predetermined period of time, whereby the abovementioned 
object is achieved. That is, the method impregnating drugs into 
a porous calcium phosphate -based sintered block of the 
invention is characterized in that, when a drug is impregnated 
into a porous calcium phosphate-based sintered block having 
continuous pores, the block is immersed in a drug solution, 
and the drug is impregnated for 5 to 20 minutes at a pressure 
reduction by a degree of 63 to 24mmHg. 

[0006] 

[Preferred Embodiment of the Invention] The block to be used 
in the invention is not especially limited as long as the block 
is a porous calcium phosphate-based sintered block having 
continuous pores which is generally ]cnown as a bone filler, 
so that various kinds of blocks can be used. As a calcium 
phosphate, one or more kinds selected among hydroxyapatite. 
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f luo-apatite, calcium hydrogenphosphate, tricalcium 
phosphate, and quatercalcium phosphate can be used. Among these, 
a substance containing hydroxyapatite as a main ingredient is 
most preferable. 

[0007] The porosity and pore diameter of the porous block used 
in the invention are not especially limited, and they can be 
properly selected in accordance with the purpose of use and 
position of application of the block. As concrete examples, 
there are a calcium phosphate-based sintered body having 
continuous pores whose average pore diameter is 0.01 to 2000vim 
and independent pores whose average pore diameter is 0.01 to 
30jim (refer to Japanese Unexamined Patent Publication No. 
Sho-63-125259) , and a calcium phosphate-based sintered body 
having macro pores with diameters of 2 0 to 2 000}am and 3- 
dimensional communication holes formed of particle spaces 

(refer to Japanese Unexamined Patent Publication No. hei- 
2-167868), and a porosity of 5 to 75% is preferable. These 
porous sintered blocks are excellent in biocompatibility, 
mechanical strength, and machinability, and when implant 
operation is conducted, trimming of them prior to or during 
the operation is easy, and furthermore, body fluid circulation 
is made through the pores, so that capsule reaction can be 
effectively prevented, and also, when the blocks are used as 
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bone fillers, they contribute to provide a space for bone 
formation and effective amalgamation with new bone. Therefore, 
these blocks are preferable. 

[0008] The porous calciiim phosphate-based sintered block can 
be produced by various methods, for example, a method whereby 
a foaming agent such as hydrogen peroxide water or albumen is 
added to a calcium phosphate-based raw slurry, and after 
foaming and drying, sintering is carried out at 900 to 1400**C, 
a method whereby substance particles which vanish when being 
heated are added to calciiam phosphate -based raw powder, and 
the powder is molded by means of pressing and sintered at 900 
to 1400°C, a method whereby calcium phosphate-based raw powder 
is formed into particles by a rolling granulator, and the 
obtained granular bodies are combined by a organic binder such 
as polyvinyl alcohol and sintered at 900 to 1400°C, and a method 
whereby a slurry or fluid gel containing calcium 
phosphate-based raw powder, a polymer, and bubbles is poured 
into a mold, is given increased viscosity, and gelated to hold 
bubbles, then dried, and sintered at 900 to 1400''C. 
[0009] According to the method of the invention, first, the 
abovementioned block is put in and immersed in a drug solution 
in a container in which the pressure can be reduced. As a drug, 
various drugs such as an antibacterial agent, antibiotic agent. 
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and anticancer drug can be used, and the concentration of the 
drug solution can be properly selected depending on the kind 
of drug and its purpose. The amount of the drug solution to 
be put in the container is set to a degree so that the entirety 
of the block is still completely submerged in the solution after 
the block is immersed and the solution is sufficiently 
impregnated into the block. 

[0010] After the block is immersed in the drug solution, in 
the invention, the pressure inside the container is reduced 
by 63 to 254mmHg, preferably, 120 to 254mmHg, and the drug 
solution is impregnated into the block for 5 to 20 minutes. 
If the degree of pressure reduction is less than 63mmHg, the 
impregnation rate of the drug into the block does not 
sufficiently increases, and even if the degree of pressure 
reduction is more than 254mmHg, the impregnation rate of the 
drug does not significantly increase, and this is not 
economical. When the degree of pressure reduction was 120 to 
2 54mmHg, a significant improvement in the impregnation rate 
was shown. The degree of pressure reduction can be adjusted 
by optional devices such as a vacuum pump or artificial joint 
cement vacuum device. The impregnation time can be properly 
determined by considering the'pore diameter, however, if the 
time is 5 minutes or less, impregnation is not sufficient, and 
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if impregnation is carried out for 20 minutes or more, 
improvement in the impregnation rate cannot be expected. 
[0011] The block which is impregnated with the drug solution 
can be used as it is, however, it can be naturally dried or 
dried by heating before use. If the drug is a substance having 
great heat resistance such as an amino glycoside-base drug, 
drying can be applied while sterilizing at 160°C. 
[0012] 

[Example] Next, the invention shall be described in detail 
based on an example, however, the invention is not limited to 
this example. 
[0013] Example 1 

(1) Manufacture of Porous Hydroxyapatite Sintered Bloc]c 
450g of water was poured into a 1000ml bea]cer, 8 . Ig of 
methylcellulose (produced by Walco Pure Chemicals Industries, 
Ltd., the measured viscosity of a 2% solution thereof is 
4000cps) was added to the water, stirred for 3 minutes with 
a hand mixer, whereby a solution of methylcellulose was 
prepared. This beaker was put into a tank with a constant 
temperature of 60 °C , heated to 40 °C while stirring the 
methylcellulose solution inside the beaker, and then further 
stirred for 3 0 seconds, whereby fluid gel containing bubbles 
was obtained. On the other hand, a hydroxyapatite slurry 
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prepared by means of the generally known wet synthesis method 
was sprayed, dried, and granulated so as to have an average 
particle diameter of 12]im, and further crushed by a jet mill, 
whereby hydroxyapatite powder consisting of spherical powder 
with an average particle diameter of 10pm and micro powder with 
an average particle diameter of 1pm was prepared. The beaker 
was removed from the constant temperature tank, the prepared 
150g of hydroxyapatite powder was mixed into the beaker little 
by little, and then poured into a 200ml glass beaker after the 
viscosity was measured. This beaker was put into a drier at 
90°C for 24 hours to gelate the contents, the gelated contents 
was dried and cut into 29 . 4x29 . 4x29 . 4mm cubes, and the cubes 
were sintered by a sintering pattern as follows. The 
temperature was raised to 600°C at a temperature raising rate 
of 50^C/h from the room temperature, next, raised to 1200°C at 
a temperature raising rate of 100°C/h, and at this temperature, 
the cubes were sintered for 4 hours and then cooled to 600°C 
at a temperature lowering rate of 50°C/h, and maintained for 
4 hours at this temperature, and thereafter, cooled to the room 
temperature at a temperature lowering rate of 100*^C/h. The 
dimensions of the obtained sintered bodies were 2 0x20x20mm, 
and the porosity was 50%. 
[0014] (2) Drug Impregnation 



-9- 



16 containers in which the pressure can be reduced were prepared 
by filling them with a volume of eosin solution of 1 weight % 
that was 150% that of the sintered block (8cm^) obtained by 
the abovementioned (1) , the sintered blocks were immersed in 
each eosin solution, negative pressures of 254mmHg, 127mmHg, 
63.5mmHg, and OmmHg were applied, and changes with the elapse 
of time in the impregnation rate of the eosin solution into 
the sintered block were observed. The impregnation rate is 
calculated by the following formula from the amount of increase 
in weight of the sintered block after impregnation from the 
amount before impregnation, and the results are shown in Fig. 
1. 

Impregnation rate = [amount of increase after pressure 
reduction (g) is converted into (ml) / 8ml] x 100 
[0015] As can be clearly understood from Fig. 1, within 5 
minutes after the start of impregnation, the impregnation rate 
suddenly increased in all cases, however, in the case of the 
pressure reduction by a degree of 63.5 to 254mmHg, the 
impregnation rate significantly increased in comparison with 
the case where the pressure was not reduced (the degree of 
pressure reduction: OmmHg) , and the impregnation rate 
gradually increases after 5 minutes and within 15 minutes, and 
the rate turned into an equilibrium state after 15 minutes and 
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within 20 minutes. The maximmn impregnation rate of the eosin 
solution into the volume of the sintered block was 
approximately 23% in the case where the pressure was not reduced, 
however, it was approximately 40% in the case where the pressure 
was reduced. In addition. When the abovementioned impregnated 
block was cut and divided by a dental electric drill as shown 
in Fig. 2 and the area impregnated with red eosin was observed 
by the naked eye, the eosin did not reach the center part in 
the case where the pressure was not reduced, however in the 
invention, it reached the center part in the case where the 
pressure was reduced by a pressure reduction by a degree of 
127 to 254mmHg, That is, it was confirmed that the eosin reached 
to the center. Furthermore, in the abovementioned example, as 
the impregnation condition can be observed by the naked eyes, 
a colored solution was used as a drug solution, however, 
needless to say, solutions of various kinds of medicines such 
as an antibacterial agent, antibiotic agent, and anticancer 
drug are used in actuality. 
[0016] 

[Effects of the Invention] According to the impregnation method 
of the invention, a drug can be efficiently impregnated into 
pores of a porous calcium phosphate-based sintered block 
through extremely easy operations, and furthermore, a high 
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impregnation rate can be achieved in a short time, so that mass 
production of drug-containing blocks suitable for long-term 
controlled release of the drug is possible, and a drug releasing 
block which has high mechanical strength suitable for use as 
a bone filler, is excellent in biocompatibility and 
machinability, and contains a large amount of drug. 
[BRIEF DESCRIPTION OF THE DRAWINGS]. 

[Fig. 1] A graph showing changes with elapse of time in the 
impregnation rate of a drug solution at each degree of pressure 
reduction measured in the example of the invention. 
[Fig. 2] A perspective view of the block after being cut and 
divided for observation of the impregnation condition in the 
example . 
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Controlled Drug Release from Hetero Porous Hydroxyapatite 
Block 

Makoto Otsuka, Yuko Oshita, and Yoshihisa Matsuda (at Kobe 
Pharmaceutical University), W. I* Higuchi (at University of 
Utah), and Asako Matsushima and Masanori Nakasu (at Asahi 
Optical Co,, Ltd,) 

1 . Preface 

Bone which is a living hard tissue consists of cortical bone 
formed of densely accumulated inorganic hydroxyapatite (HAP) 
and spongy bone having many pores . Due to the distribution of 
these pores, a strong structure with a light weight is formed, 
and due to the distribution of the properly sized pores, a 
physiological cell environment is achieved. It is generally 
known that an apatite block with high porosity used as 
artificial bone is high in cell affinity and biocompatibility . 
However, its mechanical strength is extremely weak- The 
researchers controlled the geometric distribution of pores 
inside an apatite block and obtained a hetero porous type block 
by imitating the structure of living bone in order to realize 
artificial bone which has a new function to achieve 
biocompatibility . They applied this block to use as a base 
material for a drug delivery system (DDS), and examined 
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development of new artificial bone having a drug delivery 
ability o 

2. Experiment 

HAP blocks (APACERAM produced by Asahi optical Co., Ltd.), 
which were different in porosity from each other, that is. 30%! 
40%, and 50%, and had a diameter of 5mm and a thickness of 2mm,' 
and HAP blocks, each of which was different in porosity between , 
its outer layer and inner layer (outer layer/inner layer.- 
30/50%, 40/50%, 50/50%), were prepared. The crystallinity of 
the HAP blocks was confirmed by means of powder x-ray 
diffraction, ftir spectrum, and DTA analysis, and the pores 
in the blocks were measured with a mercury pore meter. The HAP 
blocks were impregnated with an indomethacin ethanol solution 
Which is an antiinflammatory agent, dried with a dryer, and 
made to contain a predetermined amount of a drug. On the 
assumption that the blocks were implanted in bone, a sample 
fixed by silicon rubber while leaving the outer layer surface 
exposed was prepared, and then a drug release test was conducted 
at 3 7°C in a pseudo-body fluid (SBF) . The concentration of the 
eluted drug was analyzed from lines measured by means of uv 
spectrum. 
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3. Results and Examination 

The crystaUinity of the w .loc. each of „hioh „as 
.«ere„t i„ po.o.ity between its outet layer a„a inner iayer 
(outer layer/inner layer: 30/SO,, 40/50», 50/50,, is con«r.e. 
as pure ^ .y „ea„s of po„aer x-ray diffraction, PXXR spectra 
an 0.. analysis, xt „as confir^ea that the speed of dru 
release fro. artificial bone lowered due to reduction in pores 
.n the outer layer of the implant, and the pores in the outer 
layer controlled the drug release. Pro. this fact, there is 
a Possihility that, in ^ ^^^^ 

strength and high cell affinity, the speed of drug release fro. 
.ts geometric structure can .e controlled .y controlling the 
distribution of pores. 
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